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Abstract
Previous research has found that the use of disfluent, harder to read fonts
has resulted in greater educational outcomes, based on the assumption that
disfluent fonts activate deeper processing of visual information. This study
explores whether Japanese university students’ (N?200) short-term
memories benefit from font-induced increases in cognitive loads while
studying English vocabulary lists. Results suggest that the participants’
outcomes were significantly better in the clear, familiar, fluent font condi-
tion, rather than in the disfluent font condition, as previous research would
predict. An analysis of the data while considering lexical parts of speech
(PoS) suggest a decline in every category under the disfluent condition
and also indicate a cognitive load threshold marked by a precipitous drop
in memorization performance with words having multiple PoS definitions.
I. Background
Cognitive psychologists have long sought to determine the ways in which men-
tal strain, or cognitive load, affects information processing and retrieval. The experi-
ments utilized for this purpose generally involve participants receiving information
in either a fluent or disfluent condition. Fluency, as defined by Daniel Oppenheimer,
is an individual’s “experience of ease or difficulty associated with completing a
mental task” (Oppenheimer, 2008). One common visual manipulation involves the
use of either easier or more difficult to read fonts. For example, more fluent font in-
put has been associated with an increased perception of truth (Reber & Schwarz,
1999), a greater ability to inspire confidence (Alter et al., 2007), a sense of greater
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familiarity with lexical items (Reber & Zupanek, 2002), the feeling that a text’s
author is more intelligent (Oppenheimer, 2006), and the conviction that an item is
more archetypical of a given category (Oppenheimer & Frank, 2008; for an exten-
sive list of fluency research, see Alter & Oppenheimer, 2009).
Although the above mentioned research produced favorable outcomes following
fluent font conditions, some interesting research with educational implications has
also focused on the use of disfluent fonts. For example, Alter et al. (2007) used
either a fluent or disfluent font while giving undergraduates (N?40) the Cognitive
Reflection Test (CRT), a simple three-question test designed to yield incorrect an-
swers when respondents engage with minimal conscious deliberation. For example,
one of the CRT questions reads, “If it takes 5 machines 5 minutes to make 5 wid-
gets, how long would it take 100 machines to make 100 widgets?” (Frederick,
2005). The gut answer would be 100 minutes, instead of the correct answer: 5 min-
utes. The results showed that 90% of participants who read of the questions in the
fluent, easy to read font condition missed at least one question, while only 35%
from the disfluent font condition did so (Alter et al., 2007). The researchers sug-
gested that the increased cognitive load caused by the disfluent font led to more de-
liberate, deeper processing and ultimately better outcomes.
In a pair of studies potentially more relevant to second language acquisition
(SLA), Diemand-Yauman et al. (2010) conducted font fluency experiments involv-
ing the memorization and retention of new information. The first study gave partici-
pants (N?28) ninety seconds to memorize information about fictional alien species
then tested them 15 minutes later, and the second study (N?222) involved manipu-
lating fonts on selected teaching materials for between a week and a half to about a
month in twelve high school classes. Both studies reported statistically significantly
better outcomes for the participants who were exposed to the disfluent font condi-
tion, suggesting that a degree of disfluency facilitates new information retention.
SLA theorists and researchers have long recognized the benefits of deeper in-
formation processing, particularly in vocabulary acquisition. For example, the impor-
tance of “noticing” a knowledge gap (Schmitd, 1990) or slowing down and “attend-
ing” to a word (Joe, 1995) have become generally accepted vocabulary learning
concepts. Therefore, the positive educational results produced in the disfluent font
studies above, presumably because a degree of disfluency forces deeper and more
purposeful cognition, could conceivably aid in second language vocabulary acquisi-
tion. The present study sets out to determine whether something as easy as making a
vocabulary list more difficult to read can positively affect mental processing and as-
sist in retention.
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II. Methodology
1. Participants
The participants for this study were 200 Japanese first and second year
university-level science and technology students. Because of the academic majors
involved, male participants (N?155, 77.5%) far outnumbered female participants (N
?45, 22.5%). The participants were chosen based on opportunity sampling from a
section of the researcher’s classes. Considerable care was taken to divide the sample
into two similar groups while considering student year and major. Since the groups
were divided by whole classes and students could choose not to participate, the dis-
fluent group (N?105) ended up with slightly more students than the fluent group
(N?95). By chance, each of the two groups contained a male to female ratio repre-
sentative of the whole sample (?2%).
2. Materials
The materials consisted of a list of fifteen English vocabulary words taken
from a TOEIC study book used by all participants. The words were selected from
several chapters ahead of where the second year students were studying in the hopes
of maximizing novel exposure. An informal inquiry conducted using a simple show
of hands confirmed that very few participants were familiar with any of the words
prior to the test. Moreover, there were no clusters of students with previous knowl-
edge that might influence the results.
Once the fifteen words were selected, two tests were created using the same
words in the same order. The fluent group received the word list in a clear and fa-
miliar 14 pt Calibri font, while the disfluent group’s list was printed using an unfa-
miliar and more challenging 14 pt Minya Nouvelle font. To further obfuscate the
disfluent font, the list was printed in gray (50%) instead of black (100%) used for
the fluent list.
The word definitions remained in Japanese as they appeared in the TOEIC
book. Although the experiment would ideally use the same fonts for both the target
words and the definitions, doing so would have created a host of difficulties. The
first difficulty being that Japanese and English use completely different writing sys-
tems so no single font is uniform across them. Although the Japanese words could
have been romanized, the words would have felt exceedingly unfamiliar to the stu-
dents and numerous homographs would be a risk without the Japanese Kanji charac-
ters to distinguish meanings. Furthermore, due to the learners’ levels, using defini-
tions from a learner’s dictionary would have run the risk of students not understand-
ing the meanings, regardless of their simplified form, which would nullify the re-
sults. Finally, using the settled upon option added a degree of familiarity since the
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format was exactly how all the students had studied English vocabulary since enter-
ing the university. An example of the two fonts can be seen in the following por-
tions of the vocabulary lists:
3. Procedure
The tests were conducted during regular English classes by the researcher. To
maximize the participants’ motivation, the test was conducted after difficult sections
of mid-term exams with the promise that bonus points linked to their performance
could be earned and applied to their exams. The participants received a brief expla-
nation of vocabulary acquisition research and the test’s procedures, but were not
told specifically that fonts were the focus.
The vocabulary sheets were distributed and exactly four minutes were given to
memorize the words before the sheets were collected. The participants were then
distracted for five minutes with consent forms and instructions for the next sections
of the mid-term exams. After five minutes, the researcher dictated the word list, re-
peating each item three times, in a predetermined order across all classes. The par-
ticipants were responsible for providing a correct Japanese definition, written in
Japanese.
After collecting the tests, it became clear that a handful of students were not
interested in participating, even though they signed the consent form. Therefore, any
test scoring two or less correct answers was removed from the research. The partici-
pant count (N?200) reflects the number of participants after these few tests were
removed. Once the data were gathered, everything was entered into SPSS ver.23 for
analysis using descriptive and parametric statistics.
III. Results
To get to the heart of the research question, descriptive statistics and an
independent-samples t-test needed to be conducted to determine whether there was a
measurable effect produced by the font conditions. First, however, assumptions were
checked to determine if the data was suitable for the parametric t-test. A Q-Q plot
suggested normal distribution and Levene’s test determined that the variance was
equal for the font groups, F (198)?.68, ns. Having satisfied the assumptions, a t-
test was conducted (see results in Table 1).
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The descriptive statistics results from Table 1 show that, contrary to expecta-
tions based on previous research, the disfluent font (M?10.50, SE?.33) actually
had a lower mean score than the fluent font (M?11.46, SE?.33). In other words,
the participants seemed to find it easier to retrieve the vocabulary meanings from
the clear, fluent writing than they did from the more unfamiliar and difficult font.
Not only was this the case, but according to the t-test, the advantage of the fluent
font was statistically significant t(198)?2.05. p?.05. This advantage only repre-
sents a small effect size (r?1.4), but with so many other factors going into memo-
rizing words, like strategy choice, motivation, aptitude, dynamic mood and attention,
and cognitive learning style, a large effect would not be expected from font choice.
That being said, this small effect based on having a clear and familiar font
amounted to a 6.4% increase in the participants’ short-term vocabulary retention, a
result which should not be undervalued.
In an attempt to make sense of the findings, the vocabulary list was divided by
parts of speech (PoS) and the results were analyzed for each font type. Four PoS
categories emerged from the list: adjectives (4 words), verbs (3 words), nouns (5
words), and words with multiple parts of speech (3 words). The final category in-
cluded the words sip, stride, and levy, which can be both nouns and verbs. Mean
scores for each category were calculated and sorted by fluent and disfluent font type
(see Chart 1).
The data presented in Chart 1 reveals some expected and unexpected results
(see Table 2 for more details). Due to their abstract nature, it is understandable that
the participants found adjectives to be the most difficult to memorize. In both
groups a sizable increase was seen in verbs, which are still somewhat abstract rela-
tional action words. Even easier than verbs and adjectives were nouns, which are
concrete, real-world objects, not just relational concepts and abstractions. The step-
wise pattern of memorization facility (adjective < verb < noun) was expected based
on previous vocabulary learning research (e.g., Earles & Kersten, 2000; Engelkamp
et al., 1990) and was realized in both groups.
In addition to this predictable pattern, Chart 1 presents a striking visual repre-
sentation of an interesting difference between the two font groups. This variance is
seen in the black column, which represents words possessing multiple PoS. The ex-
pectation in this situation was that since the participants only had to report one of
Table 1 Results of t-test and descriptive statistics comparing font conditions
Font type M SD SE t df r
Fluent
Disfluent
11.46
10.50
3.26
3.33
.33
.33
2.05* 198 .14
*p?.05
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the meanings during the dictation, having multiple meanings would both reinforce
each meaning by expanding cognitive connections and provide an option, allowing
the students to memorize whichever association was easiest to recall. The multiple
PoS words involved in this study possess both noun and verb meanings, so the re-
sults would be expected to be at least as high and presumably higher than the noun
or verb category separately. For the fluent font group this was the case, but the dis-
fluent font group performed lower on multiple PoS than they did on either the noun
or verb categories separately.
The above chart clearly confirms that the fluent font group achieved a higher
mean in each of the part of speech subcategories, but further calculations were re-
quired to determine if these differences were statistically significant. After satisfying
all statistical assumptions, an independent-samples t-test was conducted for each part
of speech (see results in Table 2).
Chart 1 Mean score sorted by font type and part of speech
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Table 2 lists the results of the independent-sample t-tests, showing that adjec-
tives, verbs, and nouns, although having higher mean scores across the board in the
fluent font group, were not statistically significantly different between the groups.
Only the multiple PoS category difference was statistically significant t(198)?3.03.
p?.01. These statistics suggest that the multiple PoS category was the origin of
most of the difference between the groups. Some aspect of using a disfluent font
while trying to memorize a word containing two PoS meanings has created a sig-
nificant disadvantage for these Japanese learners of English. Why this might be the
case will be considered in the following section.
IV. Discussion
This study was embarked upon because the chance that a disfluent font could
positively affect short-term vocabulary retention was an attractive prospect worthy
of investigation. Unfortunately, in the context of this research, the results did not
lean in favor of using a disfluent font for teaching materials. Instead, considering
the statistically significantly better results from the fluent font group, it would seem
that an effort should be made to utilize materials containing clear, black, familiar
fonts. The following discussion section will explore some possible reasons for the
results and also address the interesting outcomes from the PoS subcategory inquiry.
It should be mentioned that the study did not provide evidence as to why its re-
sults did not fit with previous font-based fluency research. Some possible explana-
tions, however, involve contextual conditions inherent in the experiment. First, every
English grapheme is already outside of the Japanese writing system, which makes
both vocabulary lists disfluent by default. If this is the case, maybe the “fluent font”
group in the experiment is a misnomer. In order to account for the statistically sig-
nificant difference between the two font groups, this theory would probably claim
that somewhere between the two font types lies a disfluency threshold, or critical
point where disfluency becomes detrimental to learning. Though there may be some
credence in this idea, it would hold more weight if the participants were not in their
Table 2 Descriptive statistics and t-tests comparing parts of speech for font conditions
Part of speech
?PoS?
Fluent font Disfluent font
M SD SE M SD SE t df r
Adjectives
Verbs
Nouns
Multiple PoS
.68
.74
.78
.81
.33
.29
.24
.27
.03
.03
.02
.03
.66
.74
.72
.81
.34
.31
.25
.31
.03
.03
.02
.03
1.53
.92
1.70
3.03*
198
198
198
198
.11
.06
.12
.21
*?p?.01
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9th or 10th year of English study and if English words were not pervasive in their
social milieu.
Another condition inherent in the experiment relates to conscious, deliberate at-
tention. Unlike the CRT test, the participants were already intensely focusing on the
words and their meanings. If disfluent font conditions are effective because they
cause additional cognitive load, forcing slightly greater attention to detail, the al-
ready intense focus from the participants may have nullified the effect. Pointed in-
tentional memorization, however, did not seem to hamper the results in the similarly
constructed fictional alien species study mentioned above.
In addition to considering this study’s context, which may have caused the un-
expected outcomes, some critical attention should also be turned to Diemand-
Yauman et al.’s (2010) font research results, which partially served as this study’s
inspiration. This increased focus is not specifically meant to undermine their results
as much as it is to hold them up to a critical lens. As mentioned in the background
section above, the Diemand-Yauman et al. article detailed two font-based fluency
studies. The first involved memorizing details about fictional alien species, and the
results for the disfluent condition were statistically significant (p?.05). This con-
trolled study’s weakness is that it only involved 28 participants - 14 for each experi-
mental condition. Though this does not invalidate the results by any means, a larger
group would have inspired greater confidence in the results.
With twelve classrooms of high school students (N?222), the second study did
not have a participant population problem, but it was not without its weaknesses.
The twelve classes were divided by subject into either fluent or disfluent conditions
and regular classroom tests were given to compare effects. The biggest weakness
was the lack of experimental control; each instructor presented varying amounts of
teaching material in the font conditions over varying lengths of time. The high
school students surely also received considerable instruction aurally and via font-
neutral textbooks. Furthermore, the bulk of the statistical difference came from the
classrooms of one physics teacher. A recalculated t-test without the physics classes
while maintaining the SD and dividing the participants equally by the remaining
classes produced non-significant results t(144)?1.08. p?.86. Unless there is some-
thing specific about high school physics that can account for the substantial differ-
ences caused by font conditions, these results should only be granted with caveats
and a sceptic’s eye.
Unfortunately, neither the conditions inherent in the current study, nor the
methodological grievances concerning Diemand-Yauman et al.’s 2010 studies can
fully account for the discrepancy in results. Further research in varying contexts is
required to get to the root of font fluency and its potential application in teaching
materials. The statistical outcomes of this study can only lead to the recommenda-
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tion that in the context of Japan, English vocabulary lists should be printed in clear,
fluent fonts.
Regardless of why the results of this study contradict those of Diemand-
Yauman et al. (2010), font disfluency and its increased cognitive load was clearly
evidenced in the part of speech (PoS) data from Table 2. The words with multiple
PoS produced the only statistically significant difference among the PoS categories.
The option of remembering either the noun or the verb definition of the multiple
PoS words benefited the fluent font group, but for the disfluent group, it led to re-
sults lower than either the noun or verb category alone. Presuming that the multiple
PoS option itself is a kind of disfluency, the cognitive load of the disfluent font in
conjunction with the extra definitional option seemed to represent a clear threshold
in this study where disfluency was precipitously detrimental to learning. Therefore,
the results of the data in Table 2 may simultaneously support the benefits of a de-
gree of disfluency in vocabulary learning in the fluent font condition and also point
to a clear threshold where increased disfluency becomes a liability.
V. Conclusion
Research has established that altering cognitive loads causes measurable differ-
ences in mental processing. The question addressed in this study, however, was spe-
cifically whether increased font-based disfluency would produce better short-term
vocabulary retention. The results favored the more fluent font type by a statistically
significant margin, and therefore complicated the idea that increased disfluency re-
sulting from font manipulation would inevitably be beneficial. Potential reasons for
the opposing outcomes were suggested, including shortcomings in both the current
study and past font-based fluency studies, but no conclusive answers could be prof-
fered without additional research. The multiple PoS data suggested that some in-
creased cognitive load and disfluency may be beneficial, but there seemed to be a
threshold where increased disfluency caused a sharp turn toward lower vocabulary
retention. Future research might explore different educational contexts to determine
what degree of disfluency is beneficial and where cognitive load thresholds become
detrimental. Based on this study’s context, however, it is only safe to recommend
that, at least for Japanese learners engaged in rote English vocabulary memorization,
clear, fluent fonts are preferable to disfluent fonts.
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